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The Medical Journal of Australia ISSN: 0025-729X 21 February 2011 194 4 S42-S45 ©The Medical Journal of Australia 2011 www.mja.com.au Supplement ealth care networks can take many forms. Generally they are groups of health professionals from different services and perspectives who come together to improve health care. They are increasingly being used to bring about health service improvement. In Queensland, health care networks were formally established after the Queensland Health Systems Review in 2005, 1 with the aim of engaging clinicians in health care decision making. Health care networks continue to be an important policy intervention in the 2010 National Health and Hospitals Network agreement. 2 As improvements in the health care system depend on the success of network teams, health systems need to consider how network teams work to achieve their goals.
The way in which decision making is approached is recognised as an important function of leadership in health care. 3 This increasing interest in the process of decision making as a function of leadership is evidence of a much larger shift in leadership thinking among the academic community. [4] [5] [6] Although we traditionally associate leadership in health care with individuals, the complexity of change required in the health care system means a new paradigm of leadership is required. 7 Relational approaches to leadership offer an alternative view; rather than being the function of an individual, leadership is considered to be an outcome of the processes that emerge when individuals interact. 5 Relational processes are being recognised as just as influential in changing peoples' attitudes, behaviours and actions as the direct influence of a formal leader. 4 Within this relational leadership paradigm sits sense-making approaches to leadership; [6] [7] [8] leaders are considered as sense makers who interact in ways that enable the nature of a problem to be understood by all those involved. The Cynefin (pronounced Ku-nev-in) framework (Box 1) 9 is one example of a sense-making approach, and has been identified as useful for understanding decision making in the complex environment of health care delivery.
According to Fulop and Mark, approaches that rely on technical expertise and professional experience are favoured in health care, and health care leaders are therefore at risk of being trapped in the mindset of past successes. 3 To avoid this, health care leaders should pause before deciding on a course of action, consider the decision-making context in which they are operating, and choose the most appropriate approach. 3 In the light of this advice and with the aim of making a connection between the Cynefin framework and the day-to-day decision making of a network team, we have developed a process for real-time capture and analysis of a network team' s interactions. This can be used to create a "meeting interaction fingerprint" that describes the interaction patterns of a network team engaged in decision making. The fingerprint consists of metrics summarising different aspects of a network team' s interactions.
The metrics from different meeting fingerprints would enable the interaction patterns that emerge during a meeting to be compared. We would like the fingerprint to capture similarities and differences in interaction patterns between teams, or meetings or decisions, which emerge during decision making. In combination, all possible metrics could be likened to a DNA chain. Just as variation in a specific part of a DNA chain can result in different traits, variation in individual metrics could indicate different decisionmaking processes.
Here, we demonstrate the process of producing a meeting interaction fingerprint.
METHODS

Health care network teams
We are studying the decision-making processes of seven service improvement teams. The teams are part of two health care networks in Queensland. They are subgroups of formally recognised networks with the remit of supporting and improving services across a defined geographical area. Their membership is made up of six to eight clinicians and administrators from rural, regional and remote health services across the network. Membership of a service improvement team is voluntary and each team has a nominated chairperson. The teams have a 12-month time limit and are responsible for developing, implementing and evaluating a service improvement project. Here, we demonstrate a meeting fingerprint for one meeting of one of the teams. in health care network teams.
Meeting recording
H
TuneTalk, Belkin Australia, Tuggerah, NSW) and lapel microphones (Sony ECM-C115 lapel microphone, Sony Australia).
Annotation of meeting interactions
The meeting was annotated into verbal utterances, and the utterances for each individual were identified. An utterance was an episode of speech by one person, with a start and end time without any contribution from another person. Verbal utterances were then subdivided and categorised, using Bales interaction process analysis, into four mutually exclusive behaviour categories: "positive" (shows solidarity, shows tension release and agrees); "negative" (shows antagonism, shows tension and disagrees); "asks" (asks for orientation, asks for opinion and asks for suggestion); and "gives" (gives orientation, gives suggestion and gives opinion).
10
Manual v automated analysis Manual meeting interaction analysis is time consuming (eg, it takes between 10 and 15 minutes to annotate one minute of video recording). To improve the efficiency and scalability of the annotation process, the CSIRO (Commonwealth Scientific and Industrial Research Organisation) Australian e-Health Research Centre has developed new, automated, speech processing technologies that enable the annotation of speech utterances (excluding the assignment of a behaviour) to be completed in less than 1 minute. The automated analysis includes automated utterance annotation, time synchronisation of files from multiple cameras and iPods, and software for simultaneously reviewing annotations and recordings. With automatic utterance annotation from iPod recordings, the iPods act as an ad-hoc microphone array, and the software uses relative travel times of speech to each iPod to identify the speaker location and segment the audio.
Metrics derived from the annotations
Of the large number of possible metrics that can be derived from the annotations, we calculated a subset of these that we were interested in. Two types of metrics were calculated from the annotations of the meeting: aggregate statistics, which measure the magnitude of occurrence of the various types of annotations; and sequence metrics, which measure the order of annotations. The count of behaviour annotations will be greater than the count of speaker annotations, as an utterance assigned to one speaker may be expanded into multiple annotations representing different behaviours.
Ethical approval
The Royal Brisbane and Women' s Hospital, Princess Alexandra Hospital and Griffith University health research ethics committees approved the study.
RESULTS
A meeting fingerprint with the metrics that we are interested in is shown in Box 2. The total number of utterances was 1031, which increased to 1274 utterances after subdividing into behaviours. The total duration of utterances in hours, minutes and seconds was 1:27:04, while the total duration of utterances subdivided into behaviours was 1:22:53 (a shorter duration because of removed silences). The total duration of the meeting was 1:20:25. Overlapped speech caused the total duration of the utterances to be greater than the length of the meeting. The sections in Box 2 each represent a different metric. The metrics are grouped into aggregate statistics and sequence metrics. On the left of Box 2, sections i, iv, vii, viii, xi and xii describe speaker-related metrics. On the right of Box 2, sections iii, vi, ix, x, xiii and xiv describe behaviour-related metrics. Raw sequence metrics (sections vii, ix, xi and xiii) are to the left of the normalised sequence metrics (sections viii
DISCUSSION
We have demonstrated a process for generating a meeting interaction fingerprint and given some examples of metrics that could be included. The fingerprint presented here describes the interactions over a whole meeting, leading up to a critical decision point. However, as meetings often include multiple decision points, it is also likely that different parts of meetings may have different fingerprints. A video of the fingerprint could also be made, in which each frame shows the fingerprint calculated from data up to the time of that frame.
Aggregate statistic metrics (counts of various types of annotations) give an insight into the meeting interaction. For instance, there are several dominant speakers (Box 2, i) and the short utterances tend to be positive behaviours (Box 2, vi). The aggregate statistic metric plots could be subdivided further to show the contributions of the different stages of the meeting.
Sequence metrics (the order in which types of annotations occur) can be divided into the macroscopic and microscopic order of the annotations. The upper sequence metrics (Box 2, vii, viii, ix and x) describe the macroscopic order of the annotations. The time elapsing between speakers' utterances or speakers' behaviours that re-occur give an insight into whether these are evenly or unevenly distributed throughout the meeting. The lower sequence metrics (Box 2, xi, xii, xiii and xiv) describe the juxtaposition of annotations. These could be regarded as describing the microscopic order of the annotations.
By manually reviewing the automated annotations, we have found a high corre-1 The Cynefin framework 9 The Cynefin framework is a sense-making tool for decision making, that identifies five types of decision-making contexts in which leaders can find themselves. These are described as five domains: simple, complicated, complex, chaotic and disordered. Decision making in each of the domains involves a different approach:
• in the simple domain, a best practice solution can usually be found;
• in the complicated domain, there is often no single obvious solution, but experts when brought together can usually agree on "best practice";
• in the complex domain, an experimental approach is required in which a diversity of opinions is sought, and a high level of interaction and different types of communication between stakeholders are encouraged;
• in the chaotic domain, there is little time to explore possible solutions, and quick action is required with an immediate review of the impact; and
• in the disordered domain, there are competing agendas and disagreement among leaders. Disorder is best dealt with by breaking the issues down into their component parts and assigning each part to the appropriate domain. spondence between manual and automated annotations. Review of the places where the automated and manual meeting annotations differ shows that, for the metrics reported here, the automated process is generally correct. This automated analysis process then allows for all meetings that have been recorded to be annotated. The fingerprints of each meeting can then be normalised and plots presenting per-speaker information could be sorted so that speakers making the largest contribution are placed first. Once all meetings have been annotated, similarities and differences between interaction patterns associated with manually identified decision-making processes can be made. We expect that this will prove useful for describing the interaction patterns that emerge during decision making.
Decision making in the different decisionmaking domains in the Cynefin framework may manifest as different modes of interacting and networking. 11 For example, issues with strong scientific evidence, such as the promotion of proper hand-washing techniques to prevent infection, would fall into the simple domain. In the simple domain, the solution is evident; therefore, networking is more formal and targets specific individuals or groups for the purpose of communication. In the complicated domain, there is the requirement for expert debate; for example, to determine the appropriate information to be included in a treatment plan intended for general practitioners. Consequently, the network of individuals involved, although again targeting those with technical expertise, is more widespread than in the simple domain. The complex domain requires "out of the box" thinking, which is achieved by bringing together individuals or groups, all experimenting with possible solutions, to share their discoveries. Issues such as how to respond to unexplained variation in patient outcomes would fall into this domain. In the complex domain, networking and high levels of interaction are encouraged. In the chaotic domain (eg, immediately following a serious adverse event), it is important that order is restored to the system as quickly as possible; therefore, networking is once again restricted to a few individuals who decide on an immediate course of action. The intention of a meeting interaction fingerprint is to describe the differences in the interaction patterns typical of the different approaches to decision making.
Our process for annotating meetings allows for the automatic generation of a partial fingerprint (ie, one that includes the metrics that do not rely on behaviour). To date, conducting a program of research of this type on a large scale has been constrained by the time taken to manually annotate meetings. The technology developed for this project by the Australian e-Health Research Centre has given the processing power to routinely "fingerprint" meetings.
CONCLUSION
We have demonstrated the concept of generating a meeting interaction fingerprint. Future publications will report on the reliability of the annotation process, both manual and automatic. Most importantly, we will report on the results of comparing the meeting interaction fingerprints of different network teams engaged in decision making. The fingerprint concept will be expanded to include qualitative (narrative) as well as quantitative analysis.
